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exposing the barrier layer to oxidation atmosphere. The 
formed anti-oxidation layer, is removed by electrolytic 
polishing. A plating seed layer (23) is formed on the 
barrier layer with electrolysis plating followed by 
electrolytic polishing. 

USE - For manufacture of semiconductor device . 

ADVANTAGE - Since a copper seed layer having favorable 
coating property is formed, without forming oxidizing 
layer on the barrier layer surface, embedding of the 
copper seed layer is favorably performed without 
debonding the film. Hence, a groove wiring structure is 
reliably formed. 

DESCRIPTION OF DRAWING (S) - The figure shows the 
outline composition sectional drawing of manufacture of 
semiconductor device. (Drawing includes non-English 
language text) . 

Barrier layer (21) 

Anti-oxidation layer (22) 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of the semiconductor 
device which forms the detailed copper seed layer for electrolytic plating about the 
manufacturing method of a semiconductor device. 
[0002] 

[Description of the Prior Art]By the minuteness making of LSI, the circuit delay by increase of 
wiring parasitic capacitance, electromigration resistance degradation of fine wiring, etc. pose a 
problem. For this reason, introduction of the copper interconnect with high wiring reliability 
whose electrical resistance is lower than aluminum is advanced. As a method of forming 
copper interconnect, since copper dry etching is generally difficult, what is called a damascene 
process is adopted widely. In particular, promising of the dual damascene process is carried 
out from the manufacturing-cost side. 

[0003]The outline composition sectional view showing the manufacturing process of drawi ng 2 
explains an example of the wiring formation method by dual damascene process below. 
[0004]As shown in (1) of drawing 2 , after processing predetermined element formation etc. to a 
semiconductor substrate and forming the insulator layer 1 1 1 and the lower layer wiring 112, 
the wrap interlayer insulation film 1 13 is formed for them, and the opening of the connecting 
hole 121 and the slot 122 is carried out to the interlayer insulation film 113 with dual 
damascene process. Then, the tantalum nitride (TaN) film 123 and the copper film 124 are 
formed on the interlayer insulation film 113 with each inner surface of the slot 122 and the 
connecting hole 121 by sputtering. The above-mentioned tantalum nitride film 123 functions as 
a barrier metal of the copper film 124 and the interlayer insulation film 113, and the copper film 
124 achieves the function as a seed layer for growing up a next electrolytic plating film. 
Membrane formation from the tantalum nitride film 123 to the copper film 124 is usually 
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performed continuously, without breaking a vacuum in the middle of membrane formation. 
[0005]Then, as shown in (2) of drawing 2 , the inside of the above-mentioned slot 122 and the 
connecting hole 121 is embedded with the copper film 125 by an electrolytic plating method. 
[0006]Next, chemical mechanical polishing (CMP [ say / following CMP ] is Chemical 
MechanicalPolishing) removes the surplus copper film 124 and the tantalum nitride film 123 on 
the interlayer insulation film 1 13. As a result, as shown in (3) of drawing 2 , the copper film 125 
(the copper film 124 is also included) is embedded to the inside of the above-mentioned slot 
122 and the connecting hole 121, the plug 126 is formed in the connecting hole 121, and the 
wiring 127 is formed in the slot 122. 

[0007]lt is important for the wiring formation art by the above-mentioned dual damascene 
process in the case of electrolytic plating to embed copper good, without generating a void. In 
order to embed copper good, it is necessary to form a copper seed layer so that a good step 
cover ridge may be obtained. Especially in sputtering, there is a problem that the step cover 
ridges of the side wall part of a hole run short easily. 

[0008]There is the method of forming a copper seed layer by electrolytic plating by making the 
step cover ridge of a copper seed layer into |n this method, after forming a barrier 

metal as compared with sputtering, the copper layer was thinly formed in conformal one by 
high-speed-steel low type copper electrolytic plating, and the method of embedding a slot and 
a connecting hole with copper was succeedingly adopted by bottom-up type electrolytic 
plating. 
[0009] 

[Problem(s) to be Solved by the lnvention]However, in the formation method of the 
conventional copper seed layer, after forming a barrier layer by sputtering, the wafer needed to 
be exposed into the atmosphere and the oxidizing zone was once formed in the barrier metal 
surface at that time. This oxidizing zone checked the stable growth of the copper seed layer by 
subsequent electrolytic plating, and was generating the defect of film peeling or copper poor 
embedding. 
[0010] 

[Means for Solving the Problem]This invention is a manufacturing method of a semiconductor 
device made in order to solve an aforementioned problem. 

[001 1]A manufacturing method of a semiconductor device of this invention is provided with the 
following. 

A process of forming a barrier layer in a crevice formed in a substrate. 

A process of forming an antioxidant layer in said barrier layer surface without exposing said 

barrier layer surface to an oxidizing atmosphere after forming said barrier layer. 

A process of removing said antioxidant layer with electrolytic polishing. 

A process of forming a plating seed layer in said barrier layer surface by an electrolytic plating 
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method which follows said electrolytic polishing. 

[0012]ln a manufacturing method of the above-mentioned semiconductor device, since an 
antioxidant layer is formed in the barrier layer surface, without exposing the barrier layer 
surface to an oxidizing atmosphere after forming a barrier layer, an antioxidant layer is formed, 
without forming an oxidizing zone in the barrier layer surface. And from forming a plating seed 
layer in the barrier layer surface by an electrolytic plating method which removes an 
antioxidant layer and follows the electrolytic polishing with electrolytic polishing. A plating seed 
layer is formed in the barrier layer surface by an electrolytic plating method which is a 
conformal method for film deposition, without exposing the barrier layer surface to an oxidizing 
atmosphere. Therefore, in order that a plating seed layer may grow up to be the barrier layer 
surface stably, a defect of film peeling or copper poor embedding is not generated. 
[0013] 

[Embodiment of the lnvention]The outline composition sectional view showing the 
manufacturing process of drawing 1 explains the embodiment concerning the manufacturing 
method of the semiconductor device of this invention. 

[0014]As shown in (1) of drawing 1, after processing predetermined element formation etc. to a 
semiconductor substrate and forming the insulating layer 1 1 and the lower layer wiring 12, the 
interlayer insulation film 13 which covers them is formed. This interlayer insulation film 13 
consists of the 1st insulator layer 14 that consists of silicon oxide, for example, the etching 
stopper film 1 5 which consists of silicon nitride, for example, and the 2nd insulator layer 1 6 that 
consists of silicon oxide, for example. Then, the opening of the connecting hole 17 and the slot 
18 is carried out to the above-mentioned interlayer insulation film 13 with dual damascene 
process. Since etching which forms the slot 18 stops on the above-mentioned etching stopper 
film 15 in that case, the pars basilaris ossis occipitalis of the slot 18 becomes the above- 
mentioned etching stopper film 15 top. The etching stopper film 15 of slot 18 pars basilaris 
ossis occipitalis may be removed. 

[0015]Next, as shown in (2) of drawing 1 , a tantalum nitride film is formed in each inner surface 
of the above-mentioned connecting hole 17 and the slot 18 as the barrier layer 21 by DC 
magnetron sputtering at a thickness of 30 nm, for example. In this membrane formation, the 
barrier layer 21 is formed also on the interlayer insulation film 13. 
[001 6]A tantalum target is used for the target of sputtering as an example of the above- 

3 

mentioned sputtering condition, Argon (supply flow rate: 70-cm /min) and nitrogen (supply flow 

3 

rate: 30-cm /min) are used for 6 kW and process gas for DC power of a sputtering system, 
The pressure of membrane formation atmosphere was set as 0.3 Pa, substrate temperature 
was set as 200 **, and membranes were formed by reactive sputtering. 
[001 7]Then, a copper film is formed in thickness of 1 00 nm as the antioxidant layer 22 of the 
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barrier layer 21 surface by DC magnetron sputtering. IVIennbrane formation to the membrane 
formation of the above-mentioned copper film of the above-mentioned tantalum nitride film 
forms membranes by a vacuum atmosphere, without exposing to an oxidizing atmosphere like 
the atmosphere on the way. The vacuum of a statement says an industrial vacuum to this 
specification. 

[0018]As an example of the film formation condition of the above-mentioned copper film, the 

3 

copper target was used for the target, argon (supply flow rate: 100-cm /min) was used for 3 
kW and process gas for DC power of the sputtering system, the pressure of membrane 
formation atmosphere was set as 0.3 Pa, and substrate temperature was set as 100 **. 
[0019]Subsequently, as shown in (3) of drawing 1 , electrolytic polishing treatment is performed 
in a copper electrolytic plating device, and it is the above-mentioned antioxidant layer 22. It 
removes [refer to (2) of said drawing 1]. As a result, the barrier layer 21 is expressed again. 
[0020]As an example of the above-mentioned electrolytic-polishing conditions, phosphoric acid 
(specific gravity 1.6) was used for grinding liquid, the current density in electrolytic polishing 

2 2 

was set as 5 A/dm - 20 A/dm , and polishing time was set up in 2 minutes - 5 minutes. 
[0021]Subsequently, as shown in (4) of drawing 1 , a copper film conformal on the barrier layer 
21 above-mentioned surface is formed in thickness of 30 nm by a high-speed-steel low type 
electrolytic plating method. This membrane formation processing uses the same plating bath 
as the above-mentioned electrolytic polishing. In this case, after controlling oxidation of the 
barrier layer 21 surface which consists of a tantalum nitride film to the minimum, the copper 
seed layer used as the plating seed layer 23 which has good step coverage nature by 
electrolytic plating is formed. As an example, using the plating bath which performed 
electrolytic polishing, after controlling oxidation of the barrier layer 21 surface to the minimum, 
the above-mentioned electrolytic plating is performed in replacing an electropolishing solution 
by electrolytic plating liquid within the plating bath. 

[0022]As an example of electrolytic plating conditions above-mentioned high-speed-steel low 
type, copper sulfate system electrolytic plating liquid (for example, :CuBATH series by 
Enthone-OMI) was used for the plating solution, the plating current value was set as 2.83A, 
and plating solution temperature was set as 25 ** for plating time for 30 seconds. The shift to 
high-speed-steel low type, bottom-up type electrolytic plating (smooth nature plating) from 
electrolytic plating is performed using the same plating bath in replacing electrolytic plating 
liquid by bottom-up type electrolytic plating liquid from high-speed-steel low type electrolytic 
plating liquid within the plating bath. 

[0023]Subsequently, as shown in (5) of drawing 1^^ the metal skin 24 is formed with copper so 
that the above-mentioned connecting hole 17 and the slot 18 may be embedded by a bottom- 
up type electrolytic plating method. 

[0024]As an example of electrolytic plating conditions above-mentioned bottom-up type. 
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Copper sulfate system electrolytic plating liquid (for example, product [ made by 
EEJA ]:Microfab Cu2000 series) was used for the plating solution, the plating current value 
was set as 2,83A, plating solution temperature was set as 18 ** for plating time for 4 minutes 
and 30 seconds, and the metal skin 24 which becomes a thickness of 1,0 micrometer from a 
copper film was formed, 

[0025]Next, as shown in (6) of drawing 1 , by chemical mechanical polishing (CMP [ say / 
following CMP ] is Chemical Mechanical Polishing). The barrier layer (not shown) which 
consists of the excessive copper film (not shown) and tantalum nitride film on the above- 
mentioned interlayer insulation film 13 is removed, While forming the wiring 25 in the inside of 
the above-mentioned slot 18 by the above-mentioned metal skin 24 (the plating seed layer 23 
is also included), the plug 26 is formed in the inside of the connecting hole 17 by the above- 
mentioned metal skin 24 (the plating seed layer 23 is also included). 
[0026]although the tantalum nitride film was used for the barrier layer 21 in the above- 
mentioned embodiment as other materials -- a tantalum layer, a tungsten nitride film, and 
nitriding -- silicification -- it is possible to use a tungsten film etc. The method for film deposition 
of the copper film as the antioxidant layer 22 of a tantalum nitride membrane surface can use 
sputtering, such as long distance sputtering, self-discharge sputtering, and ionization 
sputtering, chemical vapor deposition, etc. other than DC magnetron sputtering. 
[0027] 

[Effect of the lnvention]As mentioned above, the embedding of good copper can be attained, 
without producing the problem of film peeling according to the manufacturing method of the 
semiconductor device of this invention, since the copper seed layer which has good step 
coverage nature can be formed without forming an oxidizing zone in the barrier layer surface 
as explained. Therefore, a reliable groove-wires structure can be formed. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of a semiconductor device characterized by comprising the 
following. 

A process of forming a barrier layer in a crevice formed in a substrate. 

A process of forming an antioxidant layer in said barrier layer surface without exposing said 

barrier layer surface to an oxidizing atmosphere after forming said barrier layer. 

A process of removing said antioxidant layer with electrolytic polishing. 

A process of forming a plating seed layer in said barrier layer surface by an electrolytic plating 

method which follows said electrolytic polishing. 

[Claim 2]A manufacturing method of the semiconductor device according to claim 1, wherein 
formation of a plating seed layer by said electrolytic plating is performed using the same 
plating bath from said electrolytic polishing. 

[Claim 3]A manufacturing method of the semiconductor device according to claim 1 forming a 
metal skin which embeds said slot and said connecting hole by electrolytic plating succeeding 
a formation process of said plating seed layer. 



[Translation done.] 
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